This study examines whether regionally and nationally branching banks set deposits interest rates differently. This assessment of the UK retail deposit market between 1992 and 2008 indicates regional banks set deposit interest rates in a manner distinct to nationally branching banks. This deviation between changes in the market interest to retail interest rates is characterised by a non-linear mean reverting process. Deposit interest rates offered by regional banks also display lower levels, a slower response to wholesale interest rate increases and a swifter response to wholesale interest rate falls, relative to national banks. It is concluded this evidence is consistent with distinct monetary conditions existing in the UK regions. Such evidence matters as the regions which may spark a monetary policy action may or may not be the regions' most sensitive to monetary policy actions (FRATANTONI and SCHUH 2003) . This concern has resonance for many nations with centralised banking systems, and particularly the focus of the study, the UK. Within this nation, South East England is home to most national bank headquarters, which has had, for many years, significantly higher property values and appreciated higher levels of borrowing relative to other UK regions (MACKAY, 2003 In light of the foregoing it is proposed nationally branching banks require relatively tighter monetary policy to regional banks. Subsequently regional banks should reduce interest rates more swiftly within periods of interest rate decline and increase interest rates more slowly when interest rates are rising.
Introduction
Do regionally and nationally branching banks set interest rates differently?
This study empirically examines such regional heterogeneity in interest rate setting, by examining the transmission of wholesale interest rate changes to interest rates on deposit accounts issued by regional and nationally branching UK banks. The central hypothesis underlying this assessment is that deposit interest rate deviations are mean reverting, so that bank deposit interest rates do not drift far away from the London Interbank Offered Rate (hereafter LIBOR). In other words, given mean reversion, individual bank interest on deposit accounts will fall if they are high as compared with the LIBOR, and vice versa.
Such evidence matters as the regions which may spark a monetary policy action may or may not be the regions' most sensitive to monetary policy actions (FRATANTONI and SCHUH 2003) . This concern has resonance for many nations with centralised banking systems, and particularly the focus of the study, the UK. Within this nation, South East England is home to most national bank headquarters, which has had, for many years, significantly higher property values and appreciated higher levels of borrowing relative to other UK regions (MACKAY, 2003) . Subsequently every recent UK house price 'boom' has begun in South East England before moving out unevenly through other parts of the UK (MARTIN 2011) . Describing this process, DOW and MONTAGNOLI (2007) report higher interest rates employed to choke off higher mortgage lending demand in South East England has forced other parts of the UK to 4 adopt more conservative attitudes to growth and asset values. If we accept this hypothesis, it is pertinent to enquire are these distinct monetary policy demands are reflected in different forms of interest rate setting by nationally and regionally branching banks.
In light of the foregoing it is proposed nationally branching banks require relatively tighter monetary policy to regional banks. Subsequently regional banks should reduce interest rates more swiftly within periods of interest rate decline and increase interest rates more slowly when interest rates are rising.
Alternatively, if regional banks do pass on market interest rate changes to retail rates in a manner similar to nationally branching banks, regional heterogeneities within the UK banking system are overstated, at least in their influence on retail banking.
This hypothesis is examined through investigation of the misalignment of bank specific deposit interest rates relative to the LIBOR over time. This examination uses bank specific interest rate data for deposits below and at or above £25,000 drawn from the wider population of UK retail depository institutions between 1992 and 2008, including both nationally and regionally focused banks and building societies (hereafter collectively termed banks). We start our empirical investigation by utilizing standard linear unit root tests to test mean reversion for national and regional banks using unit root tests. This process may exhibit near unit root behaviour in a specific range, so that bank deposit interest rate deviations from LIBOR may appear non stationary from the perspective of test procedures, which specify a linear nonstationary process as the null hypothesis. Second, we examine the possibility that deposit interest rate misalignments from the LIBOR can be characterized by a smooth non linear mean reverting process, captured by the non linear unit root test of 5 Kapetanios et al (2003) . Lastly, we examine interest rate asymmetries which may exist in periods of rising and falling interest rates.
It is reported that within a linear model, convergence between bank specific deposit interest rates and LIBOR occurs for all banks, both national and regional, with an adjustment process more pronounced for larger deposits. The nonlinear unit root test results are more favourable for stationarity since in all cases where nonlinearity is present, the unit root null hypothesis can be rejected. Hence, bank deposit interest rate deviations from LIBOR follow a nonlinear mean reverting process. It is shown that these nonlinear dynamics are genuine, because they are not merely capturing the effects of non-normal deviations in an otherwise linear data generating process. This non-linear adjustment rate is far more variable between regions for relatively smaller deposits, with banks predominately locating branches within Northern Ireland, the Midlands and Scotland displaying lower interest rates than nationally branching banks. For deposits of £25,000 or greater similar rates of adjustment to LIBOR are recorded for all types of banks indicating the deposit market may be more integrated for larger deposits. We also report an asymmetry is present for deposit accounts of less than £25,000. Specifically negative interest rate changes have a faster speed of adjustment, than positive interest rate changes.
For deposit accounts with £25,000 or greater deposited these asymmetries in interest rates are not observed.
The study is divided into five sections. In section 2, the research background will be outlined. The data and the model adopted in the study will be discussed in section 3. In section 4, the results will be discussed. Lastly, in section 5, conclusions will be drawn. There is a strong theoretical argument as to why monetary policy conditions would be uniform within nations. Standard neoclassical theory indicates capital is perfectly mobile and should flow from rich to poor regions due to higher marginal capital productivity. Indeed as financial markets integrate, firms and individuals will be able to free themselves of local financial constraints and capital will flow to the regions with the highest productivity.
Despite the persuasiveness of this argument, evidence of capital flows from rich to poor regions are illusive (LUCAS, 1990) ; an outcome attributed to market failures and information asymmetries (CARREIRA and SILVA, 2010) .
At the national level, if informational imperfections exist, capital flows can be reversed leading to a transfer of funds from poor to rich nations, permanent income inequality and enhanced cyclical fluctuations (BOYD and SMITH, 1997) .
Similarly when assumptions of perfectly informed markets and rational behaviour are relaxed within nations, capital may flow from peripheral to core regions. Therefore within a spatially centralised financial system, capital may 7 flow disproportionately to some rather than all regions with differential interest rate setting by banks emerging as an outcome of this process. are believed to make greater use of 'soft' information developed through loan officer contacts (BERGER et al. 2005 (BERGER et al. , 2007 .
This internationally observed difference in lending decision making, while not clear cut (ALESSANDRINI et al. 2009a) , could result in the reluctance of larger banks to make small loans in distant regions due to due diligence and administration costs. Smaller regional or community banks are therefore viewed to be an important conduit for lending to regional small and medium sized firms within regions. Indeed the level of local financial development is viewed to be critical for regional economic growth irrespective of the level of financial integration (GUISO et al. 2004 ). This process has been linked with sharply different levels of lending within UK and European regions (MACKAY and MOLYNEUX, 1996) and also different forms of lending within more remote regions (ÖZYILDIRIM and ÖNDER 2008) .
Notwithstanding the importance of lending, the supply of deposits is also important in this discussion. Nationally branching banks have operational benefits in the deposit market, deriving economies of scale in many administrative functions from the national collection of deposits (KLAGGE and MARTIN, 2005 (CALEM and MESTER, 1995; HEFFERNAN, 1997; PAISLEY, 1994) ; interest rate asymmetry (De HAAN and STERKEN, 2004; LIM, 2001) , the structure of the banking industry, both in the US and Europe (ADAMS AND AMEL, 2011; CALEM and CARLINO, 1991; CORVOISIER and GROOP, 2001; De GRAEVE et al. 2007; HANNAN and BERGER, 1991; , lending channel effects (De GRAEVE et al. 2007 ), credit risk premium, (MARTIN-OLIVER, 2007) 
Empirical Design, Data and Analysis
This section outlines the data employed and econometric methods used in the study. These choices are guided by reference to previous studies, and particularly concerns with sample selection, the use of deposits to consider interest rate transmission, the form of branching, linear or nonlinear forms of interest rate change and concerns with the aggregation of data.
Rational for the empirical design
In earlier studies of regional bank interest rate setting, the reported findings, the sample area, institutions, methods of analysis and aggregation of data examined have all varied. Many earlier studies focused entirely on depository 12 institutions operating only within metropolitan areas (e.g. AMEL and HANNAN, 1999; BIEHL, 2002; COOPERMAN et al. 1991; HANNAN, 1991; JACKSON and EISENBEIS, 1997 ) while other studies considered institutions which operate across an entire regions (e.g. BILLINGSLEY et al. 1994; HEITFELT and PRAGER, 2004; HYMEL, 1994; OSBORNE, 1988) . Similarly many market integration or segmentation studies examined different types of institutions such as just larger institutions (e.g. JACKSON and EISENBEIS 1997) or a certain type of depository institution (e.g. AMEL and HANNAN, 1999; BIEHL, 2002; HANNAN, 1991) .
Such selective sample selection may bias results. Banking customers communicate with their banks with distinct media and over different distances in urban and rural markets (PETERSEN and RAJAN, 2002) . Therefore just considering larger urban banks could provide "… an inaccurate picture of interregional price differences if locally-based banks behave differently from other banks, or if consumers view their services as qualitatively different from those provided by larger, more diversified, banks" (HEITFIELD and PRAGER, 2004 ).
To accommodate this concern both large and small and mutual and proprietary retail banks supplying retail deposits consistently over the sample period are examined.
Secondly, we employ deposits to assess the transmission of monetary policy. The role of locally sourced deposits in the intermediation process and interest rate formation is essential for regionally based financial institutions.
While larger banks are able to borrow internationally reducing their dependence on deposits (PARK and PENNACCHI, 2009 ), deposits remain a relatively cheap source of bank funding and are particularly important for smaller banks (BERNANKE and GERTLER, 1995) . Indeed the wider benefits of deposit financing for banks is increasing recognised, to both navigate challenging 13 financial environments (HUANG and RATNOVSKI, 2011, SHIN, 2009) A third concern raised in past examinations of regional banking is that bank branching will only influence interest rate setting behaviours when both It is also assumed each region is treated as independent in the analysis.
While we do acknowledge that costumers are able to move their bank and shop around for the best deal, the degree of switching deposit accounts is very low 14 both in the UK and internationally (KISER, 2002; CRUICKSHANK, 2000 these interest rate tiers 1 we do not estimate findings for each of these interest rate tiers, yet estimate the average interest rate for deposits below £25,000 (the average of interest rates for £1,000, £5,000 and £10,000 deposited) and at or above £25,000 deposited (the average interest rate for £25,000, £50,000 and £100,000 deposited). We acknowledge that this approach, to reduce complexity of this assessment involves the aggregation of data which we have acknowledged is problematic in such an assessment and may obscure some of the relationships between LIBOR and bank specific rates particularly for interest rates provided for the smallest and largest deposits.
Interest rate change in this market has been previously examined (ASHTON 2009b) . This study reports interest rates on retail deposits change with a periodic frequency for most banks, with a minority of larger retail banks and converted building societies changing deposit interest rates simultaneously.
Distinctly, all individual banks which have a number of deposit accounts tend to change the interest rates of their own deposit accounts simultaneously. 
The Econometric Methods and Hypothesises
Reflecting the methodological concerns raised in the preceding section we adopt three forms of econometric analysis considering both linear and non-linear methods which are conducted after a descriptive assessment of the data.
Initially, the unit roots of the time series deposit data are considered. Secondly, the non-linear aspects of the time series data are assessed. This procedure is undertaken as if the speed of adjustment of bank specific deposit interest rates to the market costs of individual deposit accounts rises as the deviation between the bank specific rate and market costs of funds increases, the non-linear mean reverting model is more appropriate, because it captures this behaviour. Lastly, interest rate asymmetry is considered for periods when the wholesale costs of funds are increasing and declining.
This form of time series econometrics has been widely used in regional economics to assess cases of convergence. For example stochastic and nonlinear unit root tests have been employed to assess the convergence of Mexican regional GDP (CARRION-I-SILVESTRE and GERMAN-SOTO, 2007) and income within US regions respectively (CHRISTOPOULOS and TSIONAS, 2007) . At the time of writing this is the first study to our knowledge to apply non-linear approaches to the transmission of interest rates on a regional basis.
ADF unit root test
The standard linear ADF test (DICKEY and FULLER, 1979; SAID and DICKEY, 1984) uses the following regression model to test the stationarity of the deviation between national and regional banks: 
Rejection of (3) implies selecting the LSTAR model. If we accept (3) and (4) we choose the ESTAR model. Accepting (3) and (4) 
where t v is the error term and the other variables are defined as previously.
The null hypothesis in equation (7) is that 0.
  Equation (7) 1 5 (5 1)/2 with probability 2(5 ) (5 1)/2 with probability (1 )
The t  terms are mutually independent drawings from a distribution independent of the original data characterised by the properties ( ) 0 (6) exclusively on the re-sampling of the residuals from the original regression (6).
Therefore appropriate critical values are obtained for the null hypothesis of nonstationarity  = 0 in equation (6). Jacque Bera normality test results indicating non-normal residuals for equation (6) for all regions are also estimated and are reported in Table 2 .
There is also an alternative literature that attempts to capture the non- 
Alternative (11) where the error terms ( 12 , tt ) are stationary processes; Bjt = 1 for t = Tbj + 1 (j = 1,2) and 0 otherwise; Djt = 1 for t ≥ Tbj + 1 (j=1,2) and 0 otherwise. An LM score principle is used to compute the LEE AND STRAZICICH (2003) unit root test statistic based on the following regression model: 
Interest Rate Asymmetry
Interest rate asymmetry is examined by considering two distinct subsamples of the data set, where a) LIBOR is rising and b) where LIBOR is declining for bank specific average interest rates for deposits above and below £25,000. This procedure allows examination whether regional banks reduce interest rates more swiftly than national banks within periods of interest rate decline, and increase interest rates more slowly when interest rates are rising.
Asymmetry is assessed through considering if the non-linear test changes the linear result from non-stationary to stationary. This implies that the speed 26 of adjustment increases the greater the gap between the two deposit rates.
While we cannot compare the speed of adjustment across different regions we may assess if it is increasing as the deviation between bank specific deposit rates and the market costs of funds rises.
Results
The results are provided in three groups considering the research questions and the associated three forms of econometric assessment.
Descriptive Statistics
Different definitions of regional and national banks are reported in Table 1, including banks defined as regionally orientated when 25%, 50% and 75% of branches are located in an single region; national banks are defined when no regional orientation is identified. Within Table 1 it is observed that while Wales, Eastern England and North East have relatively few banks viewed to be regional for all such definitions, the Midlands and South East England have a far greater number of banks with a strong branching presence, particularly when the criteria for regional orientation is weaker (i.e. when only 25% and 50% of branches need to located in a single region to determine a regional orientation).
Table 1 also indicates that a relatively high level of dispersion is observed in average interest rates in each region. T Tests for the differences between average deposit interest rates for under £25,000 and £25,000 and greater are undertaken between national and regional averages. It is reported that in over ¾ of cases significant differences between average interest rates of regionally orientated banks and nationally branching banks are reported. Of these 41 significant cases, only five represent regionally orientated banks having higher 27 interest rates than offered by national banks. Therefore average interest rates of banks predominantly operating in Wales, the Midlands, North West England and Northern England and Yorkshire offer consistently lower average levels of interest on their deposits, than nationally branching banks. Banks from Northern Ireland and in some cases Eastern England have similar or higher average deposit interest rates than nationally branching banks. These differences are reported in Figure 1 , which displays differences in the average levels of interest paid on deposits under and over £25,000 for regionally orientated and nationally branching banks defined with the three forms of regional orientation classification (25%, 50% and 75%).
28 
Non-linear unit root test
The non-linear unit root test was undertaken over the time period [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] and is reported in Table 4 . The non-linear unit root test were applied in all cases since using the TERASVIRTA (1994) non-linearity tests we cannot reject the null hypothesis of linearity at the 5% level of significance. The reported 1% level of significance critical values were obtained from the wild bootstrap simulation with replacement in 10,000 replications. A robustness test with constant and a trend was also undertaken, yet as none of these results were significantly different, they are not reported and are available upon request.
Applying the TERASVIRTA (1994) non-linearity tests it is found that the null of linearity can be rejected in all cases, and that the ESTAR specification was preferred to the Logistic STAR (LSTAR) specification in all the non-linear cases.
33 Table 5 reports unit root tests for interest rates during periods of increasing and declining interest rates. We observe that for positive (negative) interest rate changes for deposit accounts with less than £25,000 invested, the non-linear model reports stationary in 40% (60%) of cases. For deposits with more than £25,000 invested, stationarity is present in all cases regardless of the direction of change in interest rates. These results show that an asymmetry is present for interest rates offered on deposit accounts with less than £25,000 invested between positive and negative interest rate changes, given that negative interest rate responses have a faster speed of adjustment. In addition, for deposit accounts with £25,000 and over invested an asymmetry is not present given that the non-linear model reports stationarity behaviour for both positive and negative interest rate changes.
Interest Rate Asymmetry
5 Table 6 includes the unit root assessment of this data. Note: The p-value of the t-statistic are obtained through bootstrap simulations and are available from the authors upon request. **, indicate rejection of the null hypothesis at the 1%, level of significance.
5 For further robustness we repeated the entire econometric analysis by defining regional banks as institutions with 50% or more of their branches located within a particular region. The results reported in this paper remain intact and are available from the authors upon request. Note: The reported linear and non-linear ADF t-statistic tests the null hypothesis that the ILIBOR contains a unit root. **, indicate rejection of the null hypothesis at the 1%, level of significance. For the non linear unit root test the critical values were obtained from a wild bootstrap simulation with 10,000 replications, which are available from the authors upon request. We also did a robustness test with constant and a trend, and none results robust and available upon request.
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Conclusions
This study examines whether regional and nationally branching banks set retail interest rates distinctly? This question is examined for the UK which has regions which vary their industrial profiles, has established national and regional banks and faces distinct regional monetary policy challenges (DOW and MONTAGNOLI, 2007) . It is reported that the transmission process from wholesale interest rates to retail interest rates is significantly slower for The implications of this finding include depositors with regional banks will receive interest rates which are less responsive to wholesale interest rate changes. Therefore policy shifts encouraging the development of regional banking will come at a cost to depositors. More widely while we acknowledge it may be impossible to enact monetary policy to accommodate the demands of different regions (FRATANTONI and SCHUH 2003) , it is important to both identify and quantify the degree of these regional disparities in monetary conditions, as these influence the aggregate outcome of monetary policy and need to be accommodated in policy making.
